more CAD-related deaths have occurred in women than men in the United States since 1984 (6) . In the year 2000, in comparison with males, about 60,000 more cardiovascular-related deaths were reported amongst females there (7) . Supplementary evidence shows that much as male admissions due to CAD are more frequent, women have not only higher one-year death and reinfarction rates (8) but also higher in-hospital mortality rates (5) . Furthermore, when considering females of all ages, ischemic heart disease is at the top of the killers list (even higher than breast cancer), with higher annual mortality rates in women under the ages of 35, 45, and 55 years (7) . A recent report from the Center for Disease Control shows that whereas only 22% of all deaths in woman are due to cancer, 38% of them are secondary to ischemic heart disease (9) . Sex differences in coronary artery disorders are not all inevitable. Lawlor et al., analyzing data from fifty countries, maintained that environmental factors were important in the occurrence of CAD in both sexes: Whereas the highest sex ratios for mortality from CAD were detected in Poland, France, and Norway, the lowest ratios were seen in rural China, Cuba, and Armenia (5) . The Murray and Lopez study, published by the World Health Organization in 1996, reported that cardiovascular disorders were responsible for 49% of deaths at the age of 60 and over in women of developing countries; this percentage for men in those countries was 42% (10) . In India, between 1995 and 2002, CAD had an increase in women, but there was no evidence of a similar increase amongst men (11) .Women with ischemic heart disease have often more adverse outcomes and an overall worse prognosis than men (12) , and younger women with myocardial infarction (MI) have higher mortality rates (13) . Recent reports show that a combination of traditional risk factors is to blame for the usual underestimation in the risk in females (14) . In addition, women are less likely than men to identify their risk factors, and surprisingly, females are less likely to receive secondary preventive therapy (statins or aspirin) at initial assessment (5) . Also, the notion that females are protected against cardiovascular problems often leads to an underestimation of the risk of CAD in women, leaving them with untreated risk factors and thus prone to MI. In Iran, coronary atherosclerosis is the leading cause of mortality (2) and some studies have focused on the differences between the two sexes in regard to the various aspects of CAD in small groups of patients. The current study was designed to investigate these dissimilarities between men and women with angiographically documented CAD on a larger scale at a major tertiary heart hospital.
Materials and Methods
Between January 2005 and April 2010, 44,820 patients, who underwent coronary angiography at Tehran Heart Center, were enrolled in a catheterization registry. Data on a number of variables, including demographics such as age, sex, marital status, education level, height, and weight; CAD risk factors such as family history, cigarette smoking, hyperlipidemia, hypertension, diabetes mellitus, and opium usage; presenting symptoms such as MI, typical chest pain, atypical chest pain, and dyspnea on exertion; and drug history, were collected. The results of the exercise tolerance tests, perfusion scans, electrocardiograms (ECG), and laboratory tests (including fasting blood sugar (FBS), triglyceride (TG), total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), and creatinine) were collected as well. Additionally, the results of coronary angiography were added to the previously gathered data. All the data were collected by trained physicians in the Outpatient and Inpatient Clinics. One day before catheterization, all the collected data were checked and revised via face-to-face interviews with the patients by two expert research nurses in case there were missing or invalid data. The registry forms were then entered by a trained operator via a secure password-protected hospital network. The process was supervised, the reported data were audited, and 5% of the patients' medical records were randomly selected all by the Catheterization Registry manager to evaluate the accuracy of the data. The errors were, thereafter, identified and feedback was provided in order to fix the errors. Finally, the data were transferred to a SPSS file for analysis and report. The comparisons of the data between the females and males were conducted using the independent samples t-test and chi-square test. The numerical variables are presented as mean±standard deviation, and the categorical variables are summarized by absolute frequencies and percentages. For the statistical analyses, the SPSS software version 17.0 for Windows was employed. All the Ps were two-tailed, with statistical significance being defined by a P≤ 0.05.
Results
Out of the 44,820 patients (28,442 men and 16,378 women), who underwent coronary angiography, 7,462 patients were normal and 37,358 had angiographically documented CAD. Some of the patients' characteristics are depicted in Table 1 . With respect to the patients' characteristics, listed in Table 1 , all the differences between sexes were significant. The female patients were older, less educated, and more overweight than were the males. The mean left ventricular ejection fraction of the women was higher and they had higher serum levels of TG, cholesterol, LDL, HDL, and FBS, whilst the mean serum creatinine level was higher in men. With regard to the marital status of the patients with CAD (Table 2) , most of them (90%) were married and only a few of them were either single (1%) or divorced (1%); the difference between the men and the women was significant (P< 0.001). Moreover, being single was not significantly different between the male and female patients (P = 0.333), but more men were married (P < 0.001) or divorced (P < 0.001) than were the women. Also, more females were widowed than were the males (P < 0.001). Table 3 depicts the clinical presentations of the patients with CAD. The clinical presentations were significantly different between both sexes (P< 0.001). ST-elevation myocardial infarction (STEMI) presented more often in the men, whereas most of the women presented with unstable angina. Dyspnea on exertion was the least frequent presentation in either sex. The patients with STEMI, non-ST elevation myocardial infarction (NSTEMI), or unstable angina were classified as the acute coronary syndrome group, and those with stable angina (including typical chest pain, atypical chest pain, and dyspnea on exertion) were categorized as the chronic stable angina group. A subsequent comparison of the presentations between these groups of patients revealed a significant difference between both sexes (P< 0.001): Whilst the males presented with acute coronary syndrome more often (76.1% vs. 68.6%), chronic stable angina was more frequent in the females (31.4% vs. 23.9%). Furthermore, when the patients presenting with STEMI and NSTEMI were considered as the MI group and were compared with those presenting with unstable angina, a significant gender difference emerged (P< 0.001): The men presented with MI more often (65.1% vs. 45.3%), whereas unstable angina was more frequent in the women (54.7% vs. 34.9%). In the patients with chronic stable angina, a comparison between those with dyspnea on exertion or typical chest pain presentations (patients with exertional symptoms) and the ones presenting with atypical chest pain (patients with non-exertional symptoms) demonstrated a significant sex difference (P < 0.001). Exertional symptoms were more frequent in the women (84.5% vs. 81.2%), and non-exertional symptoms were seen more frequently in the men (18.8% vs. 15.5%).
The distribution of the risk factors amongst our CAD patients is demonstrated in Table 4 . Surprisingly, all the traditional risk factors were significantly different between both genders (P< 0.001 for each one). Cigarette smoking was the most frequent risk factor in the men (54%), whilst hypertension had the highest frequency in the women (73%). In addition, positive family history of CAD was the least frequent risk factor in the men, and opium usage was the least frequent risk factor in the women. A comparison between the two sexes demonstrated that whereas there were significantly more male cigarette smokers or opium users, there was a significantly higher frequency of positive history for hypertension, diabetes mellitus, family history of CAD, hypertriglyceridemia, or hypercholesterolemia amongst the women. Based upon the results of coronary angiography, coronary artery bypass grafting (CABG), percutaneous coronary intervention (PCI), or medical treatment were recommended to the patients by physicians (Table 5 ). There was a statistically significant difference between the sexes in terms of these recommendations (P< 0.001): CABG and medical treatment were recommended the most for the men (40.8%) and the women (42.2%), respectively, and PCI was recommended the least for both men (27.4%) and women (23.8%). When considering CABG or PCI recommendations as invasive recommendations and medical treatment as a non-invasive module, there was still a significant difference between both sexes (P< 0.001). In other words, whereas 64.9% of the patients were recommended to undergo invasive procedures (68.2% of men and 59.7% of women), noninvasive methods were recommended to 35.1% (31.8% of men and 42.1% of women). Comparisons between the different recommendations for those with angiographycally documented extensive CAD (including two-vessel disease, three-vessel disease, or left main) revealed a statistically significant gender difference (P = 0.019): Although the patients with extensive CAD were more frequently recommended to undergo invasive treatment (81%), the frequency of noninvasive recommendations was higher in the women in this group of patients (20.1% vs. 18.6%). A separate analysis was required to determine whether there was any difference in terms of recommendations for CABG or PCI between the males and females with single-vessel disease, two-vessel disease, or three-vessel disease. The analysis showed that although those with singlevessel disease or two-vessel disease were mostly recommended to undergo PCI (86% and 56.6%, respectively) and the ones with three-vessel disease were mostly recommended to undergo CABG (85.5%), there was no significant difference between the men and women in this regard (P = 0.085, P = 0.819, and P = 0.194 for singlevessel disease, two-vessel disease, and threevessel disease, respectively). The different coronary artery involvements of the patient population are shown in Table 6 . For each of the left main coronary artery, left anterior descending coronary artery, right coronary artery, and left circumflex coronary artery, there was a significant difference as regards involvement between the men and women (P < 0.001 for each one). The left anterior descending coronary artery was the most involved coronary artery and the left main coronary artery was the least involved coronary artery in both sexes. Also, the involvement of either the left anterior descending coronary artery or the left main coronary artery was more frequent in the men. Table 7 illustrates the number of involved coronary arteries. The number of the involved coronary vessels differed significantly between the males and females (P < 0.001). Minimal CAD and single-vessel disease were reported more frequently in the females, whereas two-vessel disease and three-vessel disease were more prevalent amongst the men. Meanwhile, threevessel disease was the most and minimal CAD was the least frequent types of coronary involvement in both genders as well as in each of the sexes. The different combination types of coronary artery involvement are listed in Table 8 .
Discussion
The presentations, complications, prognoses, final diagnoses, and treatments of CAD differ between men and women; these dissimilarities present formidable challenges to experts involved in the domain of cardiology (15) . Unfortunately, for all the data in the existing literature on such differences (16) (17) (18) (19) (20) (21) , there is a dearth of relevant information in Iran. CAD risk factors are relatively identical in both sexes; nevertheless, there are some gender-specific differences in response. Some studies have shown that age, diabetes, and levels of certain lipoproteins are stronger risk factors in women (22) . In our patients, except for cigarette smoking, all the traditional risk factors were seen in the females more frequently. Amongst the risk factors that were more prevalent in our female subjects, hypertension and diabetes mellitus had the highest ratio. Surprisingly, in contrast to the Lewington et.al. meta analysis (23) , which reported that the association between hypertension and ischemic heart disease risk was only slightly stronger in women than men, our findings demonstrated a very strong association. As records show, the rate of hypertension in the Iranian general population is approximately the same in both sexes (17.6% in men vs. 17.1%. in women) (24) . Meanwhile, in our study, 72.7% of the females and 43.6% of the males with CAD were hypertensive, indicating that hypertension played a great role in the development of CAD in our patients, not least in the women. An incisive insight into why Iranian women with CAD are more prone to hypertension than are Iranian men requires further research, but it could be argued that it is in consequence of differences in genetics, eating habits, and/or lifestyle. In the present study, the female CAD patients were more obese than were the men and their body mass index was higher than that of the men, which must have rendered them more susceptible to hypertension (Table 1) .
Cardiovascular disorders are twice as common in women with diabetes mellitus as those in women without it. Mortality in patients with CAD is three to five times higher in diabetic women than that in non-diabetic ones, whilst the risk is two to three times more in diabetic men than that in non-diabetic ones (25) . In our study, diabetes was much more prevalent in females than in males and had a greater association with CAD. In contrast to previous research reporting that the rate of diabetes was almost alike in both sexes in the general population of Iran (9.15% of men vs. 9.18% of women) (24), 44.4% of the females and 25.2% of the males in our CAD patients had diabetes. Diabetes can, therefore, be deemed a potent risk factor in our female patients. One likely culprit for the higher rate of diabetes amongst Iranian female CAD patients, aside from some genetic factors, is the fact that Iranian women (like most other women in the Middle East), especially at their older age, are less physically active and more overweight than men (26), hence higher rate of diabetes amongst women. Our study also showed that the body mass index of the female CAD patients was higher than that of the men (Table 1 ). In the United States, 15.6% of men and 16.9% of women suffer from hypercholesterolemia (27) . This rate is 29.5% for men and 36.3% for women in Iran (24) . The Center for Disease Control reported that after the fifth decade of life, women have greater values of total cholesterol (28) . In our study, the rate of hypercholesterolemia in either sex was only slightly higher than what is seen in the general population. Unlike hypercholesterolemia, which is more prevalent in females in the general population of Iran, hypertriglyceridemia is more common in men (21.8% of men vs. 16.6% of women) (24) . Nevertheless, in our patients with proven CAD, the rate of hypertriglyceridemia was significantly greater in the women than in the men. Hypertriglyceridemia is known to be a potent independent risk factor in females, and the concentration of triglyceride is believed to have a positive correlation with the number of diseased vessels only in females (29) . Consequently, it seems advisable that hypertriglyceridemia be treated more vigorously in women. As to the age of patients, it is a universal finding that ischemic heart disease is less prevalent in females before menopause and females tend to develop this disease later than do males (30) . This chimes in with the findings of our study in that the CAD females were older than the CAD males. By comparison with 61.6% of American women, who are overweight (31), only 19.2% of Iranian women are reported to be obese (24) . In our study, overweight was more frequent amongst the CAD female patients than the CAD male patients. In other words, much as the body mass indices of both sexes were higher than normal, the females had higher levels of body mass index; this finding is in line with previously reported data (31) . With respect to the marital status of our CAD patients, the majority of the males were married and widowhood was more frequent in the female patients. This finding seems reasonable on account of the fact that our female patients were older than our male subjects and were thus more likely to be widowed. Regarding the education level of the patient population, the women with CAD were less educated than the CAD male patients; this pattern echoes what was previously reported in the general population of Iran (24) . Acute coronary syndrome and MI (especially NSTEMI) had a higher frequency in our male patients, whereas the female patients presented with chronic stable angina and unstable angina more frequently. It means that the presentations of our female subjects were less severe than were those of our male patients. It can be argued that men may be more prone to severe or acute coronary events than women. On the other hand, there may be no definite difference between the two sexes but men may seek medical advice late and thus exhibit more severe symptoms. In other words, Iranian men, traditionally, may not be inclined to complain about their medical problems unless they are severe. What is more, the false positiveness of diagnostic measures such as the exercise tolerance test or cardiac perfusion scan could be to blame for the selection of women with less severe symptoms for coronary angiography. Even when having non-severe symptoms, patients can be candidates for angiographic procedures due to the positive results of their exercise tests or cardiac perfusion scans; both of these diagnostic procedures have false positive results. Since the false positiveness of these diagnostic tests is considerably high in women, many female patients undergo coronary artery angiography when their symptoms are not significantly severe. The other possible reason for the less severe presentations of our female patients could be sought in their anxiety about developing CAD, which could prompt them to demand coronary angiography. Indubitably, further research is required to shed light on the factors responsible for the differences between men and women in terms of CAD presentations. Medical treatment via non-invasive modalities was recommended to most of our female patients, where invasive procedures (especially CABG) were recommended to most of our male patients. Such dissimilarities in recommendations should come as no surprise given the presentations and angiographic results. In the study sample both male and female patients with extensive CAD were recommended to undergo invasive procedures more frequently than noninvasive modalities, but medical treatment was recommended significantly more frequently to the females. One possible reason is that invasive treatments (either PCI or CABG) in women frequently tend to be complicated (32) . Another reason could be the role of each sex in society. Men play a major role in the Iranian society, even though many women nowadays work and enjoy a larger ratio amongst university students. Between Iranian men and women with CAD, the men are more likely to do jobs that require strenuous physical activities, whilst women are more likely to be homemakers: The former would, therefore, be more prone to ischemic heart disease than the latter. In a situation like this, it is not beyond the realms of possibility that physician factors in the responsibilities of the patient and opts not to candidate female patients for invasive treatments. Another possibility, albeit tenuous, could be inequity in medical care provided to male and female patients, discriminating in favor of males at the expense of females. The difference in recommendations for treatment between men and women should be addressed in future research. In our study, the rate of coronary involvement was higher in the males. In both sexes, however, the left anterior descending coronary artery, right coronary artery, left circumflex coronary artery, and left main artery were the most frequently involved coronary vessels, respectively, which means that there was no gender difference in the preference of coronary vessel atherosclerosis. This study has strengths and limitations. This is the first study of its kind to have been conducted in Iran using a very large sample of angiographically-documented CAD patients. In addition, the data were collected by trained physicians under meticulous quality control. However, the study has some caveats: 1) The study draws upon hospital records of patients admitted to Teheran Heart Centre, rendering generalization across the general population difficult. Then again, a case-control design would no doubt have added to the strength of the present study; still, coronary angiography is an invasive procedure with its own risks and it is not advisable to subject the general population to this invasive modality;
2) The classification of the patients with negative coronary angiography as the control group was not possible because although they had no CAD, they could still have met the criteria for coronary angiography; it is, therefore, impossible to consider these subjects as a normal population.
Recruiting a large sample size, we aimed to probe into the gender differences between male and female patients with angiographically-documented CAD. Nevertheless, more studies with different designs are required to further investigate the reasons for the observed differences. 
Conclusion
This study found that among traditional CAD risk factors (excluding cigarette smoking) were more frequent in female patients. Hypertension and diabetes mellitus were the most important risk factors. However, the role that hypertension played as a risk factor among the female CAD patients was much stronger than what was previously reported. The female patients reported less severe symptoms than did the males and invasive procedures were most frequently recommended treatment modality to male and female patients with exten-sive CAD. However medical treatment (as sole treatment) was frequently recommended for females. There was no gender preference in coronary artery vessel involvement.
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